Purpose: In the past, rehabilitation centers for the visually impaired used non or semi structured methods to assess rehabilitation needs of their patients.
Introduction
persons) and was further improved after a pilot study. The number of goals and tasks of the D-AI increased considerably compared to the original AI.
A strength of the D-AI is its systematic character which prevents important topics, from the patient's perspective, from being overlooked. [15] [16] [17] Using the D-AI in rehabilitation medicine is expected to more efficiently direct patients to a suitable rehabilitation trajectory. Also, comparing rehabilitation needs before, during and after rehabilitation allows to monitor the individual patient's progress, as well as to evaluate the effect of rehabilitation at group level. This is important when evaluating and improving rehabilitation programs for a better evidencebased practice. In addition, the patient-centered results from the D-AI facilitate shared decision-making and a more structured medical communication in ICF terms. 15 This will improve the transparency of the rehabilitation process for clients, rehabilitation center and insurance companies. MRCs in the Netherlands indicated that they wanted to change their intake process into a more systematic approach of setting individual rehabilitation goals and to acquire a baseline measurement so that the effect of rehabilitation for individual goals can be determined with the same instrument.
Our earlier feasibility study showed that the extensive increase in content of the D-AI had substantially enlarged the assessment time up to 88.8 (± 41.0) minutes. 17 In addition to an adaptation in its routing, the number of items in the D-AI should be reduced by selecting the most relevant and discriminating items so that MRC will be able to use the D-AI in clinical practice. Moreover, for a better interpretation of the scores, it is necessary to establish the underlying dimensions of the new D-AI, and additional measurement properties (e.g., reliability) need to be investigated. Therefore, this study aims to elucidate the underlying factor structure of the goals in the D-AI (i), to provide detailed information on its psychometric properties for individual goals (ii), and to produce a shorter version of the D-AI (iii). For these reasons the D-AI was assessed within a large sample of visually impaired persons who recently enrolled at an MRC. This study reports the results of the psychometric analyses and provides a full new version of the D-AI.
Methods

Recruitment of study population
Eligible participants were aged ≥18 years, with adequate command of the Dutch language, and with sufficient cognitive ability to participate in the study. All patients with a need for low-vision rehabilitation that had enrolled in the MRC were allowed to participate. Persons with low vision from any cause were eligible and there was no restriction regarding visual performance. Although patients usually enter the MRC after referral by an ophthalmologist, patients may enroll in an MRC on their own initiative.
Consecutive patients who entered the MRC between May 2008 and January 2009 were screened for study eligibility. During that period, of the 416 eligible patients that we tried to reach, 367 were actually reached, of whom 266 (72.5%) showed an interest in this study (Figure 1 ). It was explained that the D-AI would be assessed in addition to the usual intake procedure at the MRC. The study protocol was approved by the Medical Ethics Committee of the VU University Medical Center Amsterdam and was consistent with the principles of the Declaration of Helsinki. All participants provided written informed consent.
Structure and content of the D-AI
Focus group discussions revealed important adaptations compared to the original AI. All goals were now classified by the nine Activity and Participation domains of the ICF. 16 In addition, a 10 th domain (which is not covered by the "Activities and Participation" domains of the ICF) "coping with mental (emotional)
health aspects" was inserted in the questionnaire. Also, the content of the questionnaire was extended and adapted considerably. For instance, goals concerning mobility, employment, education, and interpersonal interactions/relations were added. Some specific hobby related goals like "Hunt and shoot" and "Leatherwork" from the original AI were left out, because the patient files and focus groups made it clear that these hobbies were not common.
Finally, some questions were rephrased.
Based on the results of a pilot study, 17 the D-AI was assessed in two parts (see Figure 2 ). In the first part of the D-AI (D-AI-1), the goal importance (GI) and (if GI>0) the goal difficulty (GD) of all goals were assessed. The priority score (PR=GI*GD) was calculated immediately by the computer so all goals were automatically ranked from the highest to the lowest PR to create a top priority list.
In the second part of the D-AI (D-AI-2), all tasks underlying goals that had the same as or a higher priority score than the fifteenth goal of the priority list (TPL-15) were assessed. 17 In this way we decreased the assessment time and increased the feasibility of the D-AI by selecting only highly relevant goals for assessment at the task level. Another adaptation concerned the addition of an extra response category ('not applicable') for GI questions. PR: goal priority score, GI: goal importance score, GD: goal difficulty score, PL: priority list in which all goals are ranked from the highest to the lowest priority score, TPL-15: top-15 priority list (containing all goals with a top-15 priority score).
In this study, an updated version of the D-AI was created based on the results of the pilot study. 15;17 routing (including the TPL-15) were programmed using Blaise Enterprise 4.7 (Heerlen, the Netherlands), so that it could easily be assessed using a computer assistive telephone interview. Depending on the patient's response to the questions of the D-AI, the computer automatically displays the following question.
Supplementary information (such as living conditions, education level, employment, and co-morbidity) was collected with a written questionnaire.
Additional medical information (such as visual ability and eye condition) was collected retrospectively from the patient files at the MRC. A subgroup of 25 consecutive patients completed the D-AI-1 (at the goal level) a second time for the test-retest reliability and measurement error analyses (see Figure 1 ). The retest was assessed by the same interviewer and took place 2-4 weeks after the first assessment. During this period, visual ability had to be (subjectively) unchanged. These data were not included in any other analysis.
Statistical Analyses
Descriptive statistics
As the routing of the D-AI allows to skip items which are irrelevant for the patient, not all goals were assessed equally often. Descriptive statistics (i.e., means, medians, SDs, floor and ceiling effects) and the frequencies of the missing data for all items were computed using SPSS 15.0. Removing items was considered if there was a relatively high number of missing values (i.e., >50%) or floor and ceiling effects (i.e., >15% of the respondents achieved the highest or lowest possible score).
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Structure of the goals in the D-AI: Exploratory Factor Analysis
If a goal was fully assessed at the task level by at least 80 (33.2%) participants, we performed exploratory factor analysis (EFA) at the task level for that specific goal. Descriptive statistics (e.g., missing values; floor/ceiling effects) were used to remove items from the goal before an EFA was performed in Mplus Version 5 (Muthén & Muthén). The number of factors among the remaining items was based on the eigenvalues (an indication of the proportion of total variance accounted for a factor), the inspection of the items, the factor loadings, as well as the factor content and the interpretability of the factors. Following the Kaiser criterion, we initially examined factors with eigenvalues >1. 20 Items with the highest factor loading below 0.40 were considered for removal from the factor, as well as items with similar factor loadings on several factors, and those items which formed a factor with only two or less items. After an item had been deleted, a new EFA was performed. In principle, items were placed in the factor for which they had the highest factor loading. Also, all decisions (i.e., whether an item should be placed in a specific factor, or should be deleted) were based on consensus. Each factor was named after the item content of the items that loaded onto it.
It was not unlikely that the underlying factors emerging from the data would (to some extent) be correlated; therefore, we decided to use oblique (i.e., quartimin) rotation, rather than orthogonal rotation. The model parameters were estimated by applying full information maximum likelihood with robust SEs. The following descriptive measures of model fit were evaluated: the comparative fit index (CFI), root mean square error of approximation (RMSEA) and the standardized root mean square residual (SRMR). The CFI examines a relative improvement comparing a model that assumes no pattern of correlation among the variables to a fit of the tested factor structure. 19 Cronbach´s α ratings between 0.70 and 0.95 were considered satisfactory. For goals that were fully assessed at the task level by less than 80 participants, the factor structure was not examined.
However, to have some indication of the internal consistency of the underlying tasks, we calculated the Cronbach's α if the difficulty of the underlying tasks was rated by at least 40 participants. For tasks underlying these goals, the same imputation technique was applied. As Cronbach's α was calculated based on the items available in the D-AI, Cronbach's α was calculated without new items;
however, the items deleted from the D-AI were not included in this analysis.
Reliability: test-retest
Test-retest reliability was investigated on the sub-sample of 25 patients (see To have more insight into the underlying data, we also analyzed the observed agreement (%, not corrected for chance).
Shorter version of the D-AI using consensus-based discussions
To produce a new, shorter version of the D-AI, the results of the above analyses were used as input for consensus-based discussions between Janna E. Bruijning and Ruth M.A. van Nispen. Also, comments of patients and assessors collected during or after the interviews, were considered. Some items (goals as well as tasks) were deleted, rephrased or merged with similar items. The wordings of goal questions were rephrased if (weighted) κ <0.4 and (simultaneously) the observed agreement <75%, or if the feedback indicated to do so. In case there was any doubt whether an item should be released or not, the item was kept in the D-AI. In addition, a few new items were included in the new D-AI. Figure 1 shows the flow of the study population. Table 1 shows the reasons for non-participation and drop-out, as well as the patient characteristics. Participants who completed the study at baseline (n=241) showed a significant difference from the non-participants plus drop-outs together (n=126) on age and gender, with the participant group being younger and including relatively more males.
Results
Study population
There was no difference in visual acuity and the % age-related macular degeneration. Table 2 shows for how many participants each goal turned out to have a priority score ≥1, and how often each goal was part of the TPL-15. 17 Mean GI and GD scores (if applicable), as well as priority scores are given. Of the participants answering underlying task questions of goals, 182 (19.0%) items were 'not applicable' for ≥ 50% of these participants (varying number caused by routing). Table 2 shows that for 14 goals we investigated the factor structure at the task level (n≥80) representing a total of 114 items. The mean (absolute) factor loading was 0.691, with five (4.4%) items having factor loadings ≤0.4. These items were included in the factor structure because the model fit of the EFA showed an acceptable solution. For half of the goals, EFA model parameters (for the new factor structure) were good, and for only one goal was none of the EFA model parameters at least reasonable.
Descriptive statistics
Factor structure
Internal consistency
Cronbach's α was determined for 42 (sub-)scales that were also included in the new D-AI (n≥40). For n≥80, the values ranged from 0.738 to 0.929, and for 40≤n<80 from 0.749 to 0.939, suggesting a sufficient to high internal consistency (Table 2) . rephrased based on the κ values, the observed agreement, and the available feedback ( Table 2) .
Test-retest reliability for goals
Consensus-based adaptations
Based on the results of the above analyses and feedback from patients and assessors, consensus-based adaptations were made to the questionnaire.
Usually, a combination of reasons stood at the basis of a consensus-based decision to release items from the D-AI. The new, shorter D-AI which was produced retains the nine 'Activity and Participation' domains of the ICF and one additional domain called 'Mental aspects', together with 48 goals, 7 sub-goals and 467 tasks, and 51 sub-tasks.
Goal level
In Table 2 , the (sub-)goals printed bold are those included in the new D-AI. Thirteen goals were excluded as a separate goal, but (partly) transferred to other goals. For example, 'attending meetings' and 'using a computer at work' were deleted as goals but included as new task items underlying the goal 'Working activities' as these goals were only applicable to few. Moreover, many tasks nested under these goals were reported to overlap with other goals (e.g., with 'using a computer at home' which, in turn, was slightly rephrased as 'Using a computer'). Due to many 'not applicable' ratings, a similar adaptation was applied to the goal 'Guide dog care', which is now nested as a task underneath 'Pet care'. Three times, several goals were merged into a new goal (see Table 2 ); the three goals 'Interaction with partner/family/relatives and friends' and their underlying tasks were merged into the new goal 'Interaction with loved ones', 'Riding a (motorized) bike/moped/scooter' and 'Driving a car/vehicle for disabled persons' were combined in a similar way. Several patients indicated that these goals and underlying tasks were quite similar as they largely relied on the same tasks. Patients indicated this to be frustrating to answer. The goal 'Making ends meet' was reported to be 'too personal' by many patients, moreover, consensus discussions revealed that this could better be discussed by a social worker as an external factor. The goal 'Performing in public' was only applicable to a selective group of patients (see Table 2 ) and was therefore released as a goal. Moreover, it was reasoned that this topic was captured by the goal 'Personal communication´. One new umbrella goal ('Recreational/leisure time') was added, which encompasses eight (sub-)goals that were previously included as goals. All former sub-goals, e.g., 'going to the theater', 17 that were included in the D-AI are now included as tasks underlying the new sub-goals (e.g., 'Attending cultural events'). In this way the number of items was reduced in order to decrease the administration time. Finally, the goal questions 'Handle feelings' and 'Acceptance' were reported to be similar and were therefore merged as 'Emotional aspects' with two sub-scales.
Task level
It was decided to remove some items from the D-AI that were 'not applicable' to many participants and/or items with high floor or ceiling effects, e.g., 'drinking without spilling' (goal: 'Eating and drinking') which was 'not difficult' for 15
(68.2%) of the 22 patients in whom the goal was fully assessed at the task level. Examples for the goal 'Personal health care' are the task 'taking your blood pressure' which was reported to be 'not applicable' for 20 (54.1%) and 'not difficult' for eight (21.6%) of the 37 patients, or the task 'dialyzing' which was 'not applicable' for 36 (97.3%) and 'not difficult' for 1 (2.7%) of the same participants.
It was discussed that these items were very specific and that it would be more useful to formulate this more generally. Therefore the task 'perform medical technical tasks' was inserted as a new task, replacing several others. Also, some items were deleted or merged with other items because it was reported that the interpretation was similar, or that they showed similar difficulty scores for the same person: e.g., 'avoiding bumping into things/other people' (goal: 'Physical activity/sports'). In addition, some items were reported to be unclear and were therefore deleted or rephrased: for example, 'following a Dutch TV program' was changed to 'following a TV program in a familiar language' (goal: 'Watching TV'). Table 2 shows what changes were made to the D-AI at the task level. The
Appendix shows all current goals and tasks included in the D-AI. (5) 5 5 n.a. 28 20 n.a. 21 6 n.a. 15 9 n.a. 12 7 n.a. 10 Bold, included in new D-AI; normal, not included in new D-AI; italics, goal question rephrased. *If itwas impossible to calculate a priority score (because of ''missing value'' or the answer category ''not applicable''), the score was set to 0. nitem, number of items; n, number of participants; GI, goal importance; GD, goal difficulty; PR, priority score (for goals being not applicable, the score was set to 0); TPL-15, top 15 priority list (containing all goals with a top 15 priority score; see Bruijning et al. 15, 17 ); EFA, exploratory factor analysis; CFI, comparative fit index; RMSEA, root mean square error of approximation; SRMR, standardized root mean residual; n.a., not applicable (e.g., not enough participants available for analysis or item/goal not included in the new D-AI). 
Discussion
This study aimed to gain insight into the underlying factor structure of the goals in the D-AI, to provide more information on the psychometric properties of the instrument, and produce a shorter version of the D-AI.
In contrast to the original AI where factor analysis was performed on all tasks underlying all goals, 13 we believed it to be useful to treat every list of tasks underlying goals as separate measurement instruments. Due to our different routing, for every patient a specific selection of high priority goals was and will be assessed at the task level. Information at the goal level provides insight into the needs of the patient to be able to participate in society (e.g., the patient wanted to be able to do the daily shopping). Information at the task level can be helpful in creating a specific rehabilitation plan as this provides insight in what aspects must be tackled to be able to perform the goal, and to monitor different aspects of rehabilitation for this goal. To give an example, the goal 'Daily shopping' revealed three different factors: 'find your way', 'find the right product', and 'reading involved with shopping'. It is possible that a participant indicated that tasks within the factor 'find your way' are easier than tasks underlying the factor 'reading involved with shopping'. Each factor (based on shared traits/visual functions), provides more detailed information on the kind of rehabilitation needed. In this case, prescribing optical aids would probably be more appropriate than mobility training to be able to reach the umbrella goal of 'Daily shopping'.
Compared to individual tasks, a factor structure allows for a more reliable and stable measure to monitor change over time for a selection of high priority goals from the patient's perspective. Therefore, identifying the factor structure and the internal consistency contributed to a more robust and feasible version of the D-AI.
As the effect of rehabilitation should be measured at the goal level, a good test-retest reliability of GI and GD questions is essential for effect measurements as well. As can be seen in Table 2 , for most goals, the Cohen's (weighed) κ for GI and GD was moderate to almost perfect. However, for some goals, test-retest reliability was not sufficient. In order to improve the test-retest reliability, the formulation of these goals was studied and rephrased after consensus discussions. The new formulations are shown in the Appendix (note that this is not an official forward-backward translation).
Study limitations
The sample size of the study was limited. Due to the routing structure of the D-AI, GD questions were not always assessed at both test moments, so the sample size was not sufficient to calculate κ values for GD questions of all goals.
Moreover, due to the routing, not all the goals were assessed at the task level equally often. We performed factor analyses in relatively small samples (n≥80).
Although the minimum number of participants needed for factor analysis is still under discussion, 28;29 often n>100 respondents is used and sometimes ten respondents per item as a rule of thumb. 29 In this developmental phase of the D-AI, we expected that EFAs in this relatively small study population would provide enough information to make a first shift to reduce the number of items and to identify the global factor structure of the tasks underlying each goal. Using this criterion we were still able to perform factor analyses for only fourteen goals. In addition, EFA of task items underlying seven goals (50%) did not reach the cutoff values for a good model fit; however, the factor structures of six goals showed a reasonable fit following the criteria of Vandenberg and Lance (CFI: 0.90; SRMR: 0.10; RSMEA: 0.08). 23 In this developmental stage of the D-AI, we suggest that this liberal criterion is suitable. The high internal consistency measures within the (sub)scales support this decision. 29 Despite the fact that the factor structure of the AI had been investigated before by Massof et al., 13 EFA seemed to be more appropriate than confirmatory factor analyses (CFA). First, the D-AI was not only translated but also extended and adapted considerably. Moreover, the D-AI was assessed in a new patient population. 30 Finally, in contrast to that of Massof et al., 13 we wanted to investigate the factor structure of tasks within separate goals, instead of over all goals. However, in addition to the EFA, we performed CFA in the same sample as the EFA. The results of the CFAs were not reported as the analyses cannot be interpreted as such. Nevertheless, CFAs are useful in revising and refining an instrument and its factor structure. 24 By using CFAs, we were able to detect item pairs which measured a similar concept in order to select the best item. For instance, 'reading small print' and 'reading normal print' revealed similar scores (and high normalized residual correlations). The decision which item was excluded depended on which item showed the best model fit and on consensus discussions. For these reasons, it was decided to delete 'reading normal print' from the questionnaire.
Occasionally we had to compromise between two conflicting aims of this study, that is developing an instrument with strong psychometric properties, and developing a feasible instrument which can be used to investigate a broad range of individual rehabilitation needs to develop an individual rehabilitation plan. For example, following our criteria, factor analyses showed that a specific item (e.g., 'using a daisy player') should be deleted. However, consensus discussions revealed that this specific task could not be removed from the D-AI because it was essential to be able to perform this task in order to perform the umbrella goal, or because many people reported this task to be very difficult and indicated to need rehabilitation on this specific task. In these kind of cases, the item was left inside the (sub)scale if the model fit was satisfying. If the model fit of the EFA was not satisfying, the item was included but not in the factor structure (e.g., 'using a remote control' (goal: 'Watching TV'), see Appendix).
Finally, care should be taken about assuming that the psychometric properties apply on a one-on-one basis to the new D-AI. This is because some tasks and goals have been merged, added or rephrased based on the results of the above analyses.
Additional studies
The hypothesized factor structure (based on the results of the EFA) should be tested using confirmative factor analyses in a new study population in the near future. In addition, future studies should explore and confirm the factor structure and additional psychometric properties for each goal and its underlying items for the new D-AI in a new (larger) sample. Moreover, longitudinal data may provide more information on the longitudinal validity (e.g., the ability of the D-AI to measure change over time). Subsequently, it is also important to establish which goals and tasks are particularly problematic for specific patient groups.
As was done by Massof et al., 13 it would theoretically be interesting to explore the factor structure of the new D-AI, not only for each goal separately, but also for the items overall. In creating a rehabilitation plan, this may provide more insight into the underlying traits/visual abilities that appear to be problematic in several goals for a particular patient. This might make it easier to understand which shared traits/visual abilities cause rehabilitation needs for several goals, e.g., "reading-related" items or "mobility-related" items. 13 Moreover, when much larger databanks are available, we will apply item response models principles as they provide a useful method of scoring, taking into account the ordinal ratings of the items. [31] [32] [33] [34] [35] [36] [37] [38] Since, unidimensionality and local independence are important assumptions made in these models, this is a logical consecutive step in the validation process of the D-AI which enables to predict the performance of a person accurately, i.e., the person's parameter or disability. 39, 40 In addition, this will enable differential item functioning analysis.
This new version of the D-AI should be seen as an intermediate step in the further development of the D-AI.
For feasibility reasons, we split the D-AI in two parts and used the TPL-15 as a new routing to determine which goals had to be fully assessed at the task level in the D-AI-2. As we suggested before, 17 the priority list (e.g., TPL-15) might serve as input for a feedback conversation after assessing D-AI-1.
However, it is uncertain whether the priority score actually reflects the perceived priority to include the goal in the rehabilitation plan. Moreover, other concepts contribute to selecting the most relevant goals for rehabilitation. In developing the actual rehabilitation plan, apart from the rehabilitation needs at the Activity and Participation level, all other aspects of the ICF scheme (i.e., general health condition, external factors, personal factors, body functions) should be taken into account. Therefore, the importance of a specific goal itself (rated by the patient)
can be different from the importance to include this goal in the rehabilitation plan. For example, after realizing that being able to do the 'Daily shopping' would hold a complex and intense rehabilitation trajectory and that what can be expected as a result of it is low, the patient may prefer to focus on another (less important) goal which is easier to accomplish. Instead of using a TPL-15 as input for a feedback conversation, future studies should also focus on the possibility to only assess the GD questions in the D-AI-1. Subsequently, an overview of the ranked difficulty scores may serve as input for a feedback conversation in which the importance to include a specific goal in the rehabilitation plan is weighed in light of the whole ICF scheme (i.e., general health condition, external factors, personal factors, body functions) in order to assess the D-AI and to create a balanced rehabilitation plan. In this light, it is also interesting to note that the GI and GD test-retest reliability measures were not consistent for the same goals, despite the fact that both questions are similar (except for the word 'important' and 'difficult'). Although, this might be because for the GI questions a κ (based on the personal opinion of the participant) was calculated and for the GD questions a weighted κ (based on an underlying trait (visual ability)), it is also possible that interpretation of the GI questions is more variable or less stable than that of the GD questions. This indicates that the exact context in which the importance of goals will be assessed should be changed or specified. It might be interesting to change the exact formulation of the GI questions into "How important is [goal] for you to include in the rehabilitation plan", after discussing the possibilities of rehabilitation based on the difficulty scores of the goals and in light of the ICF scheme. Care should be taken that this process actually is patient-centered. It is the job of the rehabilitation professional (e.g., intaker) to fully inform the patient about all possibilities and expectations, so that the patient can make a well balanced choice. We suggest that the rehabilitation professional should note down for each goal why it is or is not decided to be part of the rehabilitation plan in order to justify the choices made and to better guarantee that this process is patient-centered. Moreover, in this way, it is clear from the beginning for which goals the difficulty score should be evaluated over time in order to measure the effect of rehabilitation in terms of a decrease in the difficulty score for these goals. At this moment we are performing a longitudinal study to assess the usefulness of the D-AI for evaluating the effect of rehabilitation.
In conclusion, this study elucidated the underlying factor structure of several goals in the D-AI, provided detailed information on psychometric properties for individual goals, and produced a shorter version of the D-AI. These were important steps in the validation process of the D-AI, and in the process to develop a feasible assessment tool to investigate rehabilitation needs and evaluate outcomes of rehabilitation of visually impaired persons. Descriptive statistics, exploratory factor analyses, internal consistency and test-retest reliability measures were assessed, and feedback (from patients and assessors) was collected. These results were discussed until consensus was reached in order to develop a new, shorter version of the D-AI.
Clinical implications
At this moment, MRCs in the Netherlands have started an implementation trajectory to use the improved D-AI as part of their standard intake procedure to assess possible rehabilitation needs from the patient's perspective. In addition, optometrists in the VU University Medical Center have integrated the D-AI-1 as a screening instrument to help optometrists to prescribe the most suitable assistive device, as the type of device may depend on the context in which a patient wants to perform a specific task. Moreover, patients with more complex rehabilitation needs can easily be refered to MRCs as it provides important information about relevant participation domains from the patient's perspective. Moreover, it is expected that assessing the D-AI will help to structure the intake procedure and better evaluate the results of rehabilitation. 
